Estimation for the Screening of Hyper-and Hypothyroidism in an Adult Population. Tohoku J. exp. Med., 1986, 148 (4), [411][412][413][414][415][416][417][418][419][420] Serum free thyroxine (FT4), total T4 (T4) and total T3 (T3) were determined by radioimmunoassay in 1,114 adults during a periodic health evaluation to detect unsuspected thyroid dysfunction. As a result, 3 patients with hyperthyroidism, 4 with hypothyroidism, 3 taking thyroid medication, 4 with chronic thyroiditis, 1 with simple goiter and 3 women under estrogen administration were found. Free T4 values were within the normal limits in the present four subjects taking estrogens, but all of them showed high T4 and one high T3 values. FT4 and T4 were low in four patients with hypothyroidism, but two of them showed normal T3 values. For the screening of hyperthyroidism, FT4 was the most reliable measurement and determination of either FT4 or T4 was suitable for the screening of hypothyroidism, but T3 measurement did not diagnose all patients with hypothyroidism. free thyroxine ; thyroid dysfunction ; mass-screening Considerable evidence suggests that the concentration of serum free thyroxine (FT4) is one of the best indices of the thyroid state. Recently, Remedios et al. (1980) proposed to add the FT4I (Clark and Horm 1965; Hamada et al. 1970) , the product of serum total T4 and resin-sponge T3-uptake, to the multiphasic evaluation for the detection of unsuspected thyroid dysfunction. On the other hand, radioimmunoassay (RIA) have been developed to estimate the serum FT4 concentration in a routine basis.
Considerable evidence suggests that the concentration of serum free thyroxine (FT4) is one of the best indices of the thyroid state. Recently, Remedios et al. (1980) proposed to add the FT4I (Clark and Horm 1965; Hamada et al. 1970 ), the product of serum total T4 and resin-sponge T3-uptake, to the multiphasic evaluation for the detection of unsuspected thyroid dysfunction. On the other hand, radioimmunoassay (RIA) have been developed to estimate the serum FT4 concentration in a routine basis.
The present paper describes the clinical significance of serum FT4 determination by RIA for the screening of hyper-and hypothyroidism in an adult population during a periodic health evaluation.
MATERIALS AND METHODS
Blood samples were obtained from 1,114 participants during a periodic health examination in 1980. They were inhabitants in two towns in Miyagi prefecture, Japan (239 males, 875 females). Their ages ranged from 20 to 69 years. Serum thyroid hormones were measured by radioimmunoassay with commercially available kits. The normal ranges of these parameters are as follows : serum FT4 (GamrnaCoat two-steps FT4 kit, Clinical Assay, Cambridge, Mass, USA.), 0.68 to 2.0 ng/100 ml ; serum total T4 (T4, T4-RIA kit, Clinical Assay), 4.5 to 11.51ug/100 ml ; and serum total T3 (T3, T3-RIA-II kit, Dainabot Co., Japan) ; 87 to 185 ng/100 ml, respectively.
If thyroid dysfunction was suspected by this screening, the following examinations were undertaken : radioactive iodine thyroid scan and determinations of serum thyroid stimulating hormones (TSH, H-TSH kit, Daiichi RI Lab., Tokyo ; normal, less than 8,uU/ ml), serum thyroxine binding globulin (TBG) concentration (RIA-gnost TBG kit, Hoechst Co., Germany, normal range 13.6 to 31.6jg/ml), resin-sponge T3-uptake (T3-RSU, Triosorb Test kit, Dainabot Co., normal range ; 25 to 35%), 24-hr thyroid 1311-uptake (normal range ; 10 to 40%), basal metabolic rate (BMR, normal range; -10-15%) and antithyroid antibodies. Anti-thyroid antibodies were determined with thyroglobulin and microsomal hemagglutination tests (MCHA and TGHA, Thyroid and Microsomal Tests, Fujizohki Co.). TGHA and MCHA were taken to be positive when titers are higher than 1:100.
In these subjects whose serum TSH values were higher than normal, thyrotropinreleasing hormone stimulating tests (TRH-test, 500 ,u g TRH, i.v.) were performed.
In each subject with abnormal thyroid hormone values, the clinical signs and symptoms were also evaluated.
The data were analyzed for significance using Student's unpaired t test, and p <0.05 was considered to be significant.
RESULT
Serum FT4i T4 and T3 concentrations in normal subjects
As shown in Fig. 1, FT4 values of 1,096 euthyroid subjects showed a linear line on the logarithmic normal probability paper. Serum T4 and T3 of this group gave the same probability responses (data are not shown). Therefore, 95% limits of the normal ranges of serum FT4, T4 and T3 were determined to be from 0.60 to 1.80 ng/ 100 ml, 6.0 to 11.81u g/ 100 ml and from 84 to 176 ng/ 100 ml, respectively (Table 1) . Serum FT4, T4 and T3 concentrations in the diagnosis of hyperthyroidism Out of 1,114 participants, there were 26, 35 and 27 subjects who showed higher FT4. T4 and T3 values than normal, respectively (Table 2A and 2B) .
By the subsequent detailed examinations for thyroid function mentioned above, three patients who showed high T3, T4 and FT4 values were diagnosed as hyperthyroidism (Table 3 ). These three patients showed no response to TRH test (data not shown). Hyperthyroidism is finally judged from the elevations of serum T4, FT4, T3 and BMR values, increased 1311-uptake ratio and the absence of the TSH response after intravenous TRH administration.
Of the 26 subjects whose FT4 values were higher than 1.81 ng/100 ml (Table 2A) , there was one patient with chronic thyroiditis taking thyroxine. Of the 35 cases who had higher total T4 than 11.9 pg/100 ml, there were three women taking estrogens, including contraceptive pills, five patients with chronic thyroiditis and two with simple goiter. Two of them with chronic thyroiditis and one with simple goiter were taking thyroxine.
Of the 27 subjects having T3 values higher than 177 ng/100 ml, one was taking estrogen and two were found to be treated with T4 (one patient with chronic thyroiditis and the other with simple goiter).
The three subjects taking estrogens had normal FT4 but T4 higher than normal values. As for the T3, one case showed high and the other two normal Of the six patients with chronic thyroiditis, two cases were taking T4 and had high T4 values. In one of them, both FT4 and T3 were also high, but not in the other.
In the remaining four patients with chronic thyroiditis taking no T4, all FT4 and T3 were within the normal ranges, but T4 was high in three and normal in one.
In two patients with simple goiter, the one taking T4 showed high T4 and T3
values but normal FT4, and the other with no T4 administration showed high T4 (Table 2A and 2B) .
Further detailed studies resulted in the diagnosis of four patients with hypothyroidism.
All FT4 and T4 values were low in these four patients. T3 levels were normal in two but low in the remaining two (Table 4) . And these four patients showed the delayed hyperresponse to TRH tests (data not shown). The serum T4, FT4, T3 and TSH, BMR and 1311-uptake values confirmed the diagnosis of primary hypothyroidism (Table 4) .
In the other subjects who showed low FT4, T4 or T3 value (Table 2A and 2B), T3-RSV and TSH values were normal and antithyroid antibodies negative.
Serum FT4 concentration in different age groups in both sexes
As shown in Table 5 , 1,096 euthyroid males and females were grouped into five decades according to their ages (20-29, 30-39, 40-49, 50-59 and 60-69). No significant differences were found in serum FT4 among any age-groups or between sexes.
DISCUSSION
The present study was undertaken to select the reliable thyroid function test out of T4, T3 and FT4 determinations to detect the unsuspected patients with hyper-or hypothyroidism from numerous participants during periodic health examination.
Because it is necessary to minimize the number of patients reexamined from the economical stand point of view. On the other hand, TSHscreening in current use for the detection of hypothyroidism seems to be not Suzuki et al. 1982 ) capable of measuring serum FT4 have recently become available. We measured FT4 by RIA for the screening of hyper-and hypothyroidism in 1,114 adults during a periodic health check up. The present study revealed that 1,096 subjects were euthyroid. Serum FT4, T4 and T3 values in euthyroid subjects showed a distribution of logarithmic normal probability, similar to the results of the other serum chemical components such as uric acid and creatinine (Neuman 1968) .
In the present study, free T4 values were not changed with age between 40-69 years in agreement with similar data examining the FT4 index (Bernudez et al. 1975 ; Gregerman and Davis 1978) . Meanwhile, Malvaux et al. (1966) reported that FT4 was decreased in adolescents as compared to adults. Although it was not significant, possibly owing to the limited number of subjects aged 20-49 years in the present study, FT4 tended to be increased in 50's compared to 20's and 60's compared to 30's in females, and decreased in 40's compared to 30's in males.
Among 1,114 adults, there were 3 patients with hyperthyroidism (prevalence ; 0.27%) and 4 with hypothyroidism (prevalence ; 0.36%). When serum TSH levels were normal in the cases with low FT4, T4 and/or T3, a TRH-test was not carried out in the present study. Therefore, there remains a possibility that they were in a state of subclinical hypothyroidism. Remedios et al. (1980) reported that there were 8 hyperthyroid (0.31%) and 14 hypothyroid (0.50%) patients in an apparently healthy population (2,704 adults) screened for unsuspected thyroid dysfunction using FT4I determination.
Baldwin and Rowett (1978) observed that the incidence was 0.39% for hypothyroidism.
On the other hand, higher incidences, such as 0.97% and 1.58% (Baldwin and Rowett 1978; Tunbridge et al. 1977) , have been reported for hyperthyroidism and 1.04% (Tunbridge et al. 1977) for hypothyroidism.
Recently extensive investigation has been made concerning the so-called "low T3 syndrome" in nonthyroidal illnesses. This syndrome may be the result of diminution in extrathyroidal conversion of T4 to T3 (Chopra et al. 1975) . In low T3 syndrome, FT4 has been reported to be normal despite a low FT4I (Janni et al. 1981) . In the present study, no case of apparent "low T3 syndrome" was found, since we examined the subjects at a periodic health evaluation. However, it is conceivable that free T4 measurements will be useful in the diagnosis of this syndrome, when low serum T3 values are found during screening for thyroid dysfunction.
As shown in Table 2B , in the patients with chronic thyroiditis or simple goiter, seven patients showed high T4i two high T3 and one high FT4 values with or without thyroxine administration.
Total T4 and T3 values can be misleading if the patients have conditions that alter the concentration of thyroxine-binding proteins, such as pregnancy, estrogen administration (Utiger 1974) , contraceptive pills, and hereditary abnormalities in TBG (Sakurada et al. 1974 ). Free T4 values were within the normal limits in the present four subjects taking estrogens, but all of them showed high T4 and one high T3 values. These results confirmed our previous observation (Yoshida et al. 1980 ) that the determination of FT4 by GammaCoat FT4 RIA kit was not influenced by the change in TBG.
It is generally accepted that FT4I is a better index of thyroid status than total T4 and total T3 (Remedios et al. 1980 ). However, the FT4I determination requires the measurement of both total T4 and T3-RSU. In addition, there is a question of the efficacy of FT4I in patients with "low T3 syndrome" (Chopra et al. 1979) .
Out of 1,114 subjects examined, the number of cases reexamined for higher or lower than normal values were 54 (4.8%) with FT4, 66 (5.9%) with T4 and 51 (4.6%) with T3. If the T3 values is taken as the first choice for the screening, two patients with hypothyroidism as shown in Table 4 will be missed, although the number of cases for reexamination was least. Normal T3 in patients with hypothyroidism is reported already in several papers (Lieblich and Utiger 1972 ; Chopra et al. 1973 ). The number of subjects for detailed reexamination was less when judged from FT4 than from T4.
In summary, determinations of serum FT4, total T4 and total T3 were all sufficient methods for screening for hyperthyroidism. In the case of hypothyroidism, serum total T3 measurement did not reveal all the patients with hypothyroidism.
We have shown that determination of FT4 by RIA is useful as an initial screening test for thyroid dysfunction.
